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INntK-rPM*? ELECTRIC 
WDUSTRIAL COMPANY LIMITED a 
JapBMe coopany, of 1006 Oaza KadoAia, 
(X*U-fu Kadoma-shi, Japan, do heieW 
iiciiwe tbe mvcauon, for which we pray that 
• poimt inay be granted to us, and the method 
6T •*«a> n B to be pcrfonned, to be par- 
«»ciiUtly deicribcd in and by tic foUo^g 

I'tvs invention relates to a display and/or 
recording device and particularly to an electto- 
pboretK display and/or recording device com- 
prsiDg at least one finely divided electro- 
PO«TOc material, suspended in a suspension 

A cathode lay mbe is now widely used as 
cleccnc display appai'anis because of its high 
jecd of operation, the ease with whidi it can 

Sf.,!^"'' "^i ** °"' " ""J' has some 
disadvantages. For example, it is difficult to 
produce 8 cathode ray tube in the form of 
a flat panel or of vciy large si2e. In addition, 
It jwqutres a high voltage for its operation. 
n,n„i ^ f^*" ^ proposed many electric 
paocl display apparatuses such as electto- 
lununescent panels, arrays of luminescent 
diodtt, mcandcscfflt lamps or plasma cells, 
mese arc all self-lummcscent devices, but an 
not m widespread use because of their inferior- 
ity m, for example, luminescent efficiency, life 
^ ""PP?^ with the cathode-iay 
tube. Further, it is difficult for sudh devices 
to m^norize or record the displayed image. 
Liquid oystals have been suggested as p«- 
Eil»le media with which to consuuct a flat 
panel display apparatus capable of changing 
colour by a change m an electric field or Am^ 
[Price 2Sp] 



«,^^°^°^ ^ electrophoresis is widely 
^ m the dectHKleposition of fine paS 
and m development of dectn>staticlat*nr 

3.145,156 and 2,940,847 des- 
«bemethods of producing images by utiliz^ 
electrophoresis or photo-electrolhorwis. 
According to these prior art meAods. <:a 

are twnsppned to the sntfaoc'^of an elecSofe 
or a sheet so as to xxsproduce a patcm corr,^ 
pondmg to that ofXlnitial e^S^fidd « 

^ttmed by removing the electrode or lie 

The known devices have not aimed at oro- 

"'pension itsdf by a change in 60 

of electi^horeticV- 
Odes in the.suspcnsion. In other words, 4c 
pjiorart relates essentially to therepiodi^rtian 
of .POTnanent visible images but not to a 
vanable display system. 

Aocordi,^ to the present invention there 
B provided an image display or recording 
device con^jnsmg an dectrophoretic snspen- 
Xk'^^i.-S?^'?' °S at least one mat^ 
vrtiich cjdubttB electrophoresis even in the 70 
^senci^ofiUt^tionkspendediTaiS! ^ 
won medima, fKst and second bounding liem- 
b*^ unmediatefy adjaoeai the main surfaces of 
said layer and comprising first and second 
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electrode means respectively, at least one of 
the members being transparent and the first 
and second electrode means being arranged to 
produce in said layer an electric field such as 
5 to cause a said electrophoretic material to be 
deposited upon one of the bounding mem- 
bers. 

An improved method of producing a pat- 
tern of high contrast by using electrophoretic 
10 suspension layers in a manner similar to that 
used in the present invention is described and 
claimed in co-pending patent application No. 
19612/70 (Serial No. 1313413). 
Preferred features and advantages of the 
15 present invention will become apparent from 
the following description of embodiments 
thereof taken in conjunction with the accom- 
panying drawings, in the several Figures of 
which corresponding elements are denoted by 
20 like reference numerals. 
In the drawings : 

Figures la and lb are cross-sectional views 
of one embodiment of a display and/or record- 
ing panel; 

25 Figures 2a and 2b are cross-sectional views 

of another embodiment of display and/or 

recording panel; 
Figures 3a and 36 are cross-sectional views 

of still another embodiment; 
30 Figures 4a and 4b are cross-sectional views 

of a further embodinient; 
Figure 5 is a schematic perspective view, 

partially broken away, of a pattern display 

panel; 

35 Figure 6a is a front view of an electrode 
suitable for use in a character display panel; 

Figure 6b is a cross-sectional view of the 
panel of Figure 6a; 

Figure 6c is a front view of another elec- 
40 trode suitable for use in a character display 
panel; 

Figure 7 is a schematic perspective view, 
partially broken away, of an image display 
panel; 

45 Figures 8a, Sb and 8c are schematic cross- 
sectional views of an electrostatic image dis- 
play and/or recording panel; 

Figure 9 is a cross-sectional view of an 
image display device; 
50 Figure 10 is a schematic cross-sectional 
view of an electrostatic image display and/or 
recording panel; 

Figure 11 is a cross-sectional view of a 
display panel; 
55 Figures 12a and 126 are cross-sectional 
views of a display panel; 

Figure 12c is a schematic front view of a 
display panel; and 

Figure 13 is a schematic perspective view 
60 of a sheet with holes for use in the panel of 
Figure 12. 

The size and shapes of many elements of 
the drawmgs have been purposely distorted in 
size or shape in order to more fully and 
65 clearly describe the invention. 



Referring to Figure la, reference numeral 
1 designates, generally, a display and/or 
recording panel which includes an electro- 
phoretic suspension layer 2. 

When suspension layer 2 is in a fluid state, 70 
it is enclosed in a housing 3 consisting of a 
frame 38 and two opposed major housing 
walls 4 arid 5, which are transparent. 

Suspension layer 2 has two opposed major 
surfaces juxtaposed to the opposed major 75 
housing waDs 4 and 5 and includes a dispersion 
of at least one finely divided electrophoretic 
susbstance 6 suspended in a suspension medium 
7. For clarity of illustration the particles 
of the substance 6 are shown greatly enlarged 80 
in this and subsequent Figures. In contact, 
respectively, with the opposed major surfaces 
of suspension layer 2 arc a first electrode 8 
and a second electrode 9 which are transparent 
and which are attached to the inner surfaces 85 
of the housing walls 4 and 5. 

The electrodes 8 and 9 are connected to 
output terminals of a direct voltage source 
10 through a polarity-reversing switching 
device 11. Before an electric field is supplied 90 
to suspension layer 2 from source 10, the 
electrophoretic substance 6, in finely divided 
powder form, is distributed uriiformly through- 
out the suspension medium 7 as shown in 
Figure la. If, for example the electrophoretic 95 
substance 6 is white and the suspension 
medium 7 is black, the suspension layer 2 
appears grey when illuminated by an incan- 
descent lamp. When the grey suspension layer 
2 is subjected to a unidirectional electric field 100 
resulting from a direct voltage applied to 
electrodes 8, 9, the electrophoretic substance 
6 is caused to move electrophoretically in the 
direction either of the cathode or of the anode, 
depending upon the polarity of its charge. 105 
For example, if the material 6 acquires a 
negative charge, it migrates towards and is 
deposited on the anode 8 and thus has a 
spatial distribution different from the initial 
uniform distribution, shown in Figure lb. 110 

The resultant suspension layer 2 has a dif- 
ferent spatial distribution of the substance 6 
and different optical reflectance properties 
from those of the original suspension layer 
2 having a uniform distribution of the material 115 
6. Specifically, the display and/or recording 
panel 1 will thus appear white on the anode 
side and black on the cathode side. 

The coloiu- characteristic of the display and/ 
or recording panel 1 may be reversed by 120 
reversing the polarity of the voltage applied 
to the panel. When the amount of the electro- 
phoretic substance deposited on the anode is 
insufficient to conceal the resultant suspension, 
the panel has on the anode side a half-tone 125 
appearance dependent upon the covering power 
of the electrophoretic substance which is 
deposited on the anode. By the "covering 
power" of the suspension layer is meant the 
degree to which the suspension layer deposited 130 
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ZL^^ ""^^ ^« ^'^ Therefore, the 
colour characteristic at the anode side tai be 



ctetropborenc substance deposited on the elec- 
inxfc can be amtroUed by yaiying the strenrd, 
or the length of time of appHcation ^ 
dmw Toltage. The colour ^atacSdsik 

nmoul the anode. In this manner tbe 
.^Uy ^„d/or recording panel llThave 
IB colour charactcrittic changed by varrtn^ 

JchJ^«r^the kngth of unie during which it 

^^^^^"""^^J^^^ ''«P«ated on an 
20 ™ ."^l? »^ cJectruphorelis will itmin 

•Ppl'cd dectnc field. This njcaas that disphv 
dcv.ce according to the pre«nMnvSm 

•Nttwn lang f„rt>cr elocxric power. Tlie 
la origital colour duiaacristic 
«M ed by applymg „ .pp,vpriate uni^. 

t\S^r hi "^i ^"^ «^'«cuonal ek«ric 

ly sicpcnsion medium 7 can be prepared 
so « to havr a desired colour by disEl 
floured ^ubsuoc^ such a, a dy^ in a aZit 

IS^ V ^' *"*P«<»«»g electrically neutral 
40 coloured pamcl«, such as dyes or Jign^ 
in a colourless liquid. For exinplc, a sus^. 

S:Ert K^^'^'S oil black dye in ed,yl 

«iun or green coloured suspen- 

^ incdimn can be prepared by dissol^g 
'"^Phjicnatc, manganese naphthanate i 

50 In Figure 2a a coloured porous layer 12 is 
shown to be immersed in a colouress suspen- 
sion medium 13. In the device of 
a colour whid, is a mixture of the^^oS 

« ;?l«=^Pl»orcnc substance 6 and of the 

/ift ^ dectiophoreric material 6 are caised 
60 to pass through ihe colomed porous layer 12 
H "Pon one electrode or the 

Otter dependmg upon the polarity of their 
5±aKe, for example upon the anod^ as shown 
6t ^ ^™ layer of fte dectro- 
65 phoreoc material 6 depositsd on the^ofc 



^o^ covering power, the device of 
ngure 2* has on the anode side the same 

Z t^nf^T '^y? 12 can also 
dMwsited on the anod^ the device of Fieure 

colour as the adoured porous layer 12 
The colour chancteristic can be reversed 

11^ - ^ P««^"c «> use an 
phorenc suspension layer inchidi^ fcd^ 

medium and havmg at least one elearod^c 
subs«nce suspended ±erdn. Tte 80 

^lal havmg suitably sized pores HxS 

to penmt the particles of electrt^LtiTsub- 
stanoe to pass therethrough and^aU 85 

^lfSSl^*'*^P^»«'J^««bstanc«.S 
able matenals are a doth or a mesh woven 
of natural or artifidal fibres; a fibrous 

awet formed of granular material so bound 

to uidude a large number of pores. 
™»v ^* ^ suspension medhun 15, whidi 

IL -ri^ •'J'i'led powd^ 

1^ The aispasion medhan 15 aid the 
" 17 together comprise SI 

»Js:=5«-i?'diS^- 
SSc?^^^tS^if--s 

In ns inattivc condidoa the 'device of 
SSf' « its op^^itTSdcs l 105 

colour whidi B a mixture of'^tiie cdSS^ irf " 
those of the two kinds of dectrophSetic 
subsiances 16 and 17. and the^wJ offte 
suspension medium 15. 
When a unidirectionBl dectric fidd is Dro- iin 

18, the txvo dectiophoretic substoces 16 iid 

Zr^, '5-'"''."' electrophoreticaJIy in 
oppcKite directions. One subsiana, that^ a 

posinvepolarity. moves toward aS'SSd 115 
on the cathode and die other substan.^ that 

B depoattd an the anode, as shown in Figure 
, '^l'^ electrophoretic Sub- 
stance 16 with positive chaiE^ polaritv fa J9ft 
ydlow, and the electrophoretic^subS 17 
^ n^ove polarity is cyan, and before the 
dmoe IS rabjecied m the um-diiectional dec^ 
fidd, the device will, if die suspension mS 

decS^T '^Z * at toA 125 

ti^fh 'l^* "?f«w" ^rial distribu- 
tim of the yellow substance Ig and the 
substance 17, as shown in Figure 3a. Whm" 

ranees 16 and 17 whidi Is shora in Kgme 130 
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Sb is produced fbe cathode side cf the device 
will appear yellow and the anode ade will 
appear cyan. 
The colour dxaracceristic of the display 

5 and/or recording device can be reversed by 
reversing the polarity of the applied volc^ 
In the embodiment shown in Figure 4a an 
deciTophoretic suspension layer 21 comprises 
a suspension medium 15 whicJi may be either 

10 coloured or colourless contai'nmg at least two 
different electrophoretic substances 19 and 20 
in fmcly divided powder form. In this case 
the electrophoretic substances 19 and 20 have 
the same charge polarity but differ in their 

15 electrophoretic mobilities and optical reflect- 
ance properties. The device of Figure 4a 
initially has, at both ddcs, a colour vibkh is 
a misture of the colours of the two ckccro- 
phorctic substances 19 and 20 and tiic colour 

20 of the suspension medium 15, When the two 
dcarophorctic substances 19 and 20 are, for 
example, whiic and black, respectively, and 
the suspension medium 15 is colourless, the 
device initially appears gn^ at both sides. 

25 When a unidirectional electric field is applied 
to the suspension layer 21, the two cleclro- 
phoretic materials 19 and 20 are caused to 
migrate, electrophoretically in the same direc- 
tion, but at diifercnt speeds. 

30 When the electrophoretic substances 19 and 
20 arc positively charged and the electro- 
phoretic mobility of 19 is greater than that of 
20, the substance 19 moves faster in the sus- 
pension layer 21 under the efica of a tmi- 

35 directional electric field than does the sub- 
stance 20. As is shown in Figure 4i, the 
amount of the former substance deposited upon 
the cathode is greater than the amount of the 
latter substance. Therefore, the cathode side 

40 of the device appears whiter and the anode 
side blacker than before a unidirectional field 
was applied to the device. 

The colouring of the di^lay and/or record- 
ing device can be reversed by reversing the 

45 polarity of the applied voltage. As is apparent 
from foregoing description and Figures, 
ihe colour of the suspension layer in the device 
can be changed in accordance with the inven- 
tion. This is because the spatial distribution 

50 of clcctrophoredc material in the suspension 
is changwi by the application of an electric 
field and a layer of at least one electrophoretic 
substance deposited on an electrode conceals 
or is concealed by another coloured component 

55 of the suspension, such as a coloured suspen- 
sion medium, a coloured porous layer or 
another electrophoretic substance. 

In the devices described in relation to the 
foregoing Figures, it is not always necessary 

60 that both of the two opposite major housing 
walls and both of the electrodes diall be 
transparent. It is possible to construct a dis- 
play and/or recording device which shows a 
diange in colotu- at one adc only by einploy^ 

€5 ing one transparent housing wall ana one 



transparent dectrode corresponding to that 
walL . - J 

The device shown in Figure 5 wchides a 
suspension layer 22 which may be any smt- 
able electrophoretic suspension layer, such as 70 
the suspensioa layer 2, 14, 18 or 21 des- 
cribed in relation to Figucs la, la, 3a or 4a. 
The suspension layer 22 includes at least one 
electrophoretic material suspended in a sus- 
pension medium and is enclosed in a housing '5 
3 having two opposed major housing walls 4 
and 5, at least one of which is transparent. 
In Figure 5, housing wall 4 is transparent. 
The first electrode 23 forms a pattern, which 
may be the E-shapcd panem shown. The oO 
second electrode 24 is transparent and extends 
uniformly across ihe vriiole of the trans- 
parent housing wall 4. 

When a direct voltage from a source 10 is 
applied between the first electrode 23 and the 85 
second electrode 24 by way of switch 11 in 
a manner similar to that described above, the 
E-shaped or other pattcin of the first elec- 
trode is displayed on tiic transparent electrode 
24 due to electrophoretic migration of the 90 
electrophorenc materiaL A change in ^ the 
polarity of the applied voltage resahs in a 
change in the colour of the di^Iaycd patxem, 

Tlie device ^own in Figures 6a and 6& 
includes an electrophoretic sumension layer 95 
22 which can be any suitable dectrophorctic 
suspension layer, such as one of the suspension 
layers 2, 14, 18 or 21 described in relation to 
Figmes la, 2a, 3a or 4tf. The suspension 
layer 22 includes at least one dcctropboitnc 100 
material suspended in a suspension medium 
and is. endoso^ in a housing 3 having two 
opposed major housing walk 4 and 5, 

A first electrode 25 is composed of^ a 
plurality of electrode portions St — S, i^ch 105 
ate isolated from each other. A second elec- 
trode 24 is transparent and extends uniformly 
across the whole of the transparent housing 
wall 4. The plurality of electrode portions 
Si— are connected by leads extending 110 
tiirough housing wall 5 to electrical terminab 
Ti — ^T, positioned at the outer surface of 
said housing wall 5 as shown in Figure 6b. 
Different combinations of the plurality of seg- 
mental electrodes S, — may be excited to 115 
display a deseed numerical character when 
a direct voltage is applied between tiie 
selected electrode portions of the first dec* 
trode and the second electrode 24. For 
exan^le, a direct voltage applied between 120 
the second electrode 24 and the electrode por- 
tions S„ S4, S-, S, and of ihe Bxsi elec- 
trode will cause the device to display the 
numerical character 3. 

An alternative method of connecting the 125 
plurality of electrode portions Sa— to the 
terminals is shown in Figure 6c, where the 
electrode portions Sj — St are connected to 
electrical terminals positioned at the side 
surfaces of housing wall 5 by kads Lr^L, 130 
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formed on the same surface as Aat on whidi 
the electrode portions are positioned. These 
methods of connection are given as examples 
only and should not be takeo as limitative 
3 The device shown in Figure 7 includes a 
^speusion layer 22 which can be any of 
me electrophoretic suspension layers above 
desaibed. 

lA , *^ suspension layer includes at least one 
10 elearophoreiic material suspended in a sus- 
pension medium and is endosed in a housing 
3 havmg two spaced opposed major housing 
walls 4 and 5, at least one of which is trans- 
parmt; m the drawing the housmg wall 4 
13 IS shown as being transparent 

A first transparent electrode consists of a 
pluralit)' of electrode strips x„ x„ . 
which arc parallel to cadi other and which 
are attadied ro the inner surface of trans- 
20 parent housmg wall 4. A second electrode 
IS attached to the inner surface of bousing 
wall 5 and consins of a plurality of elec- 
trode strips y„ y,, y„ . . . which arc parallel 
to each other and arc orthogonal to electrode 
25 strips Xi, X., x„ . . . 

A dirca voltage is applied between a 
selected one of the electrode strips x^, x,, 
Xj, ... and a selected one of the dectrode 
strips yi, y,, y,, _ . for example, between 
^ electrode strips and y,. The portion of the 
suspension layer 22 at the intersection of 
tbe two dectrode strips x. and y, is then 
subjarted to a unidirectional decnric field 
and forms one picture demcnL 
35 Narrower dccn-ode su-ips can be used to 
form smaller picture elements. 

The selection of more than one strip dec- 
trode froni each of the sets of electrode strips 
lormmg the first and second dectrodes wiH 
, P^u^e a desired pattern consisting of a 
pluraUty of picture dements. Scanning tech- 
nique known to the decirical display art 
can be utilized to scan the picture dements 
45 ^^^^ sequentially and cydi- 

Thc ^ above described electrodes having 
parts ^ranged in a given pattern or formed 
of a plurality of dectrode portions or clcc- 
trode strips, as shown in Figures 5, 6 and 7, 
50 can be easily prepared by using any suitable 
known method such as dectiodeposition, 
vacuum evaporation, printmg or photoetch- 
ing techm'ques. 

K< • T^/ ^^^^"^ ^ ^^"g^c fid again 

^> includes a suspension layer 22 which can 
be any of the dectrophoretic suspension layers 
desmbed above. Suspension layer 22 includes 
»^ , elearophoredc material sus- 
pended in a suspension medium and is 
00 enclosed in a housing 3 having two spaced 
opposed major housing walls 31 and 32, at 
^st one of wb'di is transparent; in ^ 
Figure, housing wall 31 is transparent and 
consists of a sheet of an insulating materid, 



^A^^ «ll«Iose or polyethylene. 

A first electrode 30 is not in this case 
apphed to the housing wall 31, but is placed 

decincaliy coupled to the suspension layer 
22. Ilie second dectrode is made of, for 

I "^"^ ™y "'Qsitutc 

the other housmg wall 32, as shbwn. 
Alternatively, the other housing wall may 75 

It ^ then possible to form the second dec- 
f^.i!f "^i? *='^ctrically conductive film 
artadied to the mner surface of a high 
rwjstanoe housmg wall 32 or it is also pos- 80 

p^te on whidi a high resistance housing 
wall 32 IS pbced. ^j^hen the bousing wall 31 
has a high d^trical resistance, a h^ier D.C. 
voltage must be appHcd between the first and 85 
second dectrodes. 

If the dectrode 30 has a given pattern 
a dire^ voltage applied between first dec 
trode 30 and second dectrode 32 will catise 
that pattern to be displayed on the surface 90 
of die housing waU 31 due to the electt^ 
phoretic migratioii of the dectrophoretic 

T^?' ^"^^ of Afi first 

dectrode 30. 

If first dcctrole 30 is arranged as a pen- 05 
like electrode and moves fxtdy on the 
face of the housing wall 31, one can display 
any desued pattern on the surface of the hous- 
ing wall 31, for example writing, by applv- 
rng a direa voltage between the pen dexSrode lOO 

n^n"^''"?"^ ^L'*^^^^^ 32, whnrmoving the 
pen type dectrode 30 manuaUy to traci the 
said desired pattern. 

An dectnc field can be applied across 
the suspension layer 22 by chaigine the 105 
«jrfaa of the housmg waUslwfff^^^ 
Aen have a high dectrical redmnce, with 
^argcd particles sudi as ions or tSctrons 
in a manner smular to that wdl known in 
the dectrostatic recording art. 

J\^'a^ i^"" T'^ produced 
J^'^^^^ ^ of the means 
t^^rt^ f ^^''^ * conductive roUer with an 
applied decmc volnige may be caused to 
^L?! *\^P^^^a« of the insukting 115 
sheet 31 or charged partides having a polariS 
such as to cause erasure may be direct^ 
on to the surface of insulating housing wall 
so as to apply an electric field with 
revcised polarity across the suspension layer 120 

n J^i' P?;f ^-aWe, particularly when the walls 
^°5ert between the houaime 
waUs 31 and 32 a colourless spacer J 

a sheet 40 havmg many projections thei4on 
as shown in Figure 8a Vhis iolourless S 
win ensure that the suspension layer 22^ 
a desued thickness by preventing the ^0 
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major housing walls 31 and 32 from tond}- 
Ing each otiier, even wlien an electrode is 
pressed against the flexible housing wall 31, 
or when a flexible housing 3 amtaining an 

5 dectrophoreric suspension layer in the liquid 
state is bent. The spacer can be jnade from 
any colourless rfieet having porcs^ or projec- 
tions. One appropriate material is a screen 
textile fomied of polyester or nylon fibre. 

10 The coloured porous layer 12 in Figure 2a 
m'iSi bz substantially opaque so as to con- 
ceal the clcctrophoretic maierial, but colour- 
less spacer 39 or 40 need not hide the 
clecirqpboretic material and is required only 

15 to act as a spacer between the housing walls. 
The colourless spacer is inserted between 
the housing walls; at least one of the major 
surfaces of the spacer is preferably attached 
to the inner surface of a housing walL 

20 VClien a suspension layer includes a coloured 
porous layer, the coloured porous layer itself 
can in some cases act as a spacer between 
two major housing walls. In this case the 
provision of a colourless spacer is uneces- 

25 sary. 

In the apparams illustrated in Figure 9, 
a housing 3 includes an insulating housing 
wall 31 and a transparent housing wall 5 
having a transparent first electrode 9 applied 
30 dicrezo and connected to a source of dectric 
power 10. An clectrophoretic suspcnsian layer 
22 is cnc2(^ in the housing 3, which fonns 
the front face of the envelope 33 of a cathode 
ray tube. 

35 Negative electron charges are deposited in 
a given pattern on the insulating housing 
wall 31 by a modulated electron beam 
emitted by an electron gun 34 and deflected 
by a deQecting apparams 35, so that an 

40 electric field is applied across the clectro- 
phoretic suspension layer 22. A visible pat- 
tern will then be reproduced on the trans- 
parent housing wall 5 due to the electro- 
pboretic migration of the clectrophoretic 

45 material. The first electrode 9 acts as an 
anode. The second electrode is the electron 
gua 34 which acts as a cathode. The visible 
pattern can be erased by changing the velocity 
of the electron beam and maidiig use of the 

50 secondary emission characteristics of the 
housing wall 31 lo reverse the polarity of the 
applied charge. 

The display device shown in Figure 9 
can be modified in that the insulating hous- 

55 ing wall 31 can be replaced by a wcll4mown 
conductor mosaic faceplate consisting of a 
thin glass sheet having embedded therein 
hundreds of fine transversely extending wires. 
This wire-mosaic provides the dectrial con- 

60 nection between the electron beam in the ^ 
vacuum and the clectrophoretic suspension 
layer which is outside xhe vacuum. The elec- 
tron beam charges the wire-mosaic so as to 
apply an input electric field aaoss the sus- 

65 pension layer 22. 



In the arrangement shown in Figore 10 the 
suspension layer 22 may again be any of 
the suspension la}^ described above. The 
suspension layer 22 includes at least one 
electrophoredc material suspended in a sus- 70 
pension mediiun and is applied to a sup- 
porting member 36, sudi as paper, a metal 
plate or a plasdc sheet. The supporting mem- 
ber 36 is placed on a second electrode 37. 
Since the suspension layer 22 is not enclosed 75 
in a housing, it must have a hi^ viscosity*, 
preferably it should be in a solid state at room 
temperature, and yet it most be such that it 
can be sof t£jie4 during application of a direct 
voltage by any suitable method, such as 80 
heating or the addition of a solvent 

A first electrode 30 having a predetermined 
pattern is placed in direct contact with the 
surface of the suspension layer 22. By dos- 
ing a switch 11a voltage source 10 is con- 85 
nected between electrodes 30 and 37 so that 
an electric field is prodaced between tht first 
electrode 30 and the second electrode 37, 
so that the electrophoredc material will 
migrate dectrophoredcally when the suspen- 90 
sion layer 22 is softened by heating or by 
addition of a solvent. Removal of decnrodc 
30 leaves the charge panem on the surface 
of the suspension la>-cr 22. When the sup- 
porting member 36 is transparent a dif- 95 
JFercntly coloured pattern may be observed 
through it. A visible pattern can be repro- 
duced pennanendy on the suspension layer 
22 if this is returned to the solid sute by 
CDoLng or by evaporating the solvent When 100 
the supporting member 36 is conductive, it 
may also aa as the second electrode 37. 

The clectrophoretic suspension layer used 
in carrying out the invention may be pr^ared 
by using any suitable known stable colloidal 105 
parndes suspended in a suspension medium, 
such as colloidal graphite suspended in nuncral 
oil, or colloidal silver particles suspended in 
water. In addition to colloidal particles, the 
clearophoreiic material ma}- comprise finely 110 
divided partides such as titanium dioxide, zinc 
oxide, carbon black, phthaloc>*anine hlue, 
phthalocyaninc green, hansa j-ellow or watchung 
red in stable suspension in a suspension 
medium such as kerosene, trichlorotrifiuoro- 115 
ethane, isopropyl alcohol or oh've oil. The par- 
tides of an electrophoretic material suspended 
in a suspension medium carry cither a positive 
or negative charge, depending upon the pro- 
perties of the electrophoretic material and of 120 
the suspension mediimi. 

The dectropboretic suspension layer 2 or 
6, 13 of Figure la or Figure 2a may indude 
only one electrophoretic material having a 
positive or negative charge polarity when 125 
suspended in a suspension medium. The . 
dectropboretic suspension layer 18 or 21 of 
Figure 3a or 4a must Indude at least two 
different electrophoretic materials suspended 
in a suspending medium. These electro- 130 
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pluiretic materials must differ in their optical 
reflectance properties and have ehbcr dif- 
tocnt charge polarities or diflterent dectro- 
plioretic mohflities. Therefore, in preparing 
t> uit dectrophorcdc suspension layer 18 or 
21, at least one pair of electrophoretic 
maicnals havmg suitable optical reflective pro- 
perties and elccirophoietic properries must be 
Ki^P«dcd in a su^cision medium. 
j-Tl^l^^^c panicle sizes of the findv 
dividtd particles which will be suitable 
a«pcDds upon the stability and the covering 
iwcr uf the resultant elcorophorctic sospen- 
non, and usually range from O.l/i to 50/t. 

It may be found advantageous to add to 
ftc wspcmion a suitable charge control agent. 
Ofycrxion or siabDizing agent to pro- 
▼wc I itablc suspension layer in accordance 
with pnndplcs well known in colloidal diem- 
utry. In order to control the charge proper- 
tiea of the partidcs suspended in a suspcn- 
«ai mcdjum, it may be adnataguous to use 
pimcJci coaxed with a n%in which is not 
soluble m, or is only Uighily wlublc in, the 

^'^T ^ «sin 

tt Uightly sohible in the suspension medium. 
« cm lUo aa as a binder far the clectto- 
phortuc pamdcs and thin as a fixing aecnt 
lor a ditplaycd intagc. 

^ P^*^ to u»c as the suspension 

tocdium, any readily avaibblc and suitable 
hqmd which b inert to die clcciropboretic 
maicnal, the bousing and the electrodes. To 
prodocc a temporary display, a suEpcndins 

J5 medium wbch is in the liquid state at ro^ 
temperature, eg. from 0<*C to 35«C may be 
pacd. To produce a permanent display, that 
u, a hard copy, a suspension medium vdudi 
B JQ the sclid state at room temperature and 
attains a liquid state at a temperature above 
room tempcramrc, eg. above 35^C, may then 
be used. Suspension media wliich are suitable 
for this purpose arc, for example, wascs such 
as bccjfwax, vegetable wax, paraffin or syn- 
inetic wax. 



^ When usmg such waxes, the device accord-^ 
ing to the present invention must be kept at 
a temperature higher than room tempera- 
turc while the display or recording is being 

50 produced. After the device is subjected to a 
unidirectional electric field at the higher 
temperature to vary electrophoreticaUy the 
spatial distribution of said eleorophoretic 
materia!, it is cooled to room temperature to 

55 produce a persistent di^lay. If it is. desired 
to erase the persistent display, the device 
JS subjected to an alternating or unidirectional 
^orm electric field at the higher tempera- 

60 When the suspension medium consists of a 
theanosetting material which is in a liquid 
state at room temperature, a permanent dis- 
play can be produced by heating the sus- 
pension medium after . the elcctrophoretic 



tS^S^S ^ ^=^«^^«^^«^c material has 65 

Thamosetung materials which are suit- 
I^fm^iJ a"^' ^ suspension media are, for 
example, drymg oils such as linseed oiL soya 

l^q^id suspension 70 
mednim mcludes a binder such as pdystyroL 

Al^^u ^ °^ ^ ^^^^ 

the eleorophoretic material m finely divided 

powder form a hard copy having a per- 

w'^i^ J°^Se reproduced thereon 75 
can be obtained by evaporating or exhaust, 
mg the residual snspcnsion medmm. The 
evaporaticm or exhaustion of the suspension 
medmm can be achieved by, for exa™ic, 

^n^^""^ ^H^^^ containing clecS! 80 
phorenc material m a suspension medium 

'"""^^ 

A housing for use in a device according 
to the present invention can be prepared bv 85 
using any material whidi is inert to the 
suspmsion medium and to the dectrophoretic 
material. For example, a plastics sh^ hav- 
ing a ma^or central portion cut out can be 
used for ±t frame 38 of the housing 3 as 90 
shoym m Figure U One of the twTo^ 
inajor housmg walls can be provid^Vfor 
example, by securing a metal plate to the 
frame by means of an adhesive. The metal 
plate am as one of the aforesaid two elec-^ 05 
ttodes. The other of die two oppo^id^i^^ 
housmg walls can be provided, examp^ 
by securing a transparent glass plate ha4»K 
a tran^arent conductive thin film sudi as 
tm oxide or cuprous iodide to the frame 100 

means of an adhesive m such a way that 
tbe transparent conductive tiiin fihn is 
brought mto contact with the dectrophoretic 
suspension layer, 

^.^.^l^^""^^^^^ material suspended in a 105 
suspension inedium can be pou^^ into a 

be attached to the frame. 

Another method is to pour the electro- 110 
phoreuc material suspended in a^sjSon 
medium mto the housing through ah^et 

mg waU The inlet is dosed after the hou^ 
Im.^ dectrophoretic suspea- 115 

One can use any appropriate apparatus for 

reqmred to produce an dearie fidd across 

«™Pie, a pulse 120 
generator, a battery or any other direct Volt- 
age source can be used. In order lo erase 
the displayed image, an alternating voltage 
source can also be used. ^ 
r.^l^^^J'^ discovered tiiat when at least 125 
one of the first electrode and second dec- 
^ode IS coated with an insulating layer whidi 
IS in contact with the suspension 
device according to the present inventio^ has 
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an improved operarixig life. The iosulcting 
layer prevents the breakdown of the insalat- 
ing properties of the suspension layer even 
\7faen & high Toltage is applied thereto and 
5 makes it easy to remove Ae dectrophoretic 
material from the electrode surface in order 
TO form a new image by subjecdng the device 
to a unidirectional electric field of reversed 
polarity on to an alternating field 
10 In the arrangemeai shown in Figure 11 a 
first electrode S is coated with an insulating 
layer 43 whidi is not soluble in the sus- 
pending medium. Tti^t^^^^ of die first elec" 
trode 8j the second electrode 9 or both the 
15 finr and second electrodes 8 and 9 can be 
coated widi insulating layers. The insulatmg 
layer 43 is prepared by coaring tiic electrode 
whh, for example, vinji acetate resin, poly- 
siyrol or gelatin. A transparent insulating 
20 layer is thus applied to a transparent elec- 
trode attached to a transparent housing wall. 
The thickness of the insulating layer 43 
depends on the electrical resistance which 
said insulating layer and the electrophoredc 
25 suspension layer 22 are required to have. For 
operation at a low voltage it is preferable 
that the insulating layer 43 shall have an 
clcctricai resistance no lii^ier than that of 
the suspension layer 22. 
30 In Ffgmc Ha is shown an arrangement in 
which die suspension layer 22 has a plurality 
of spacers extending traversely thereof and 
consists of many small spaces filled with 
. the suspension. A sheet 41 with mnltftudinous 
35 holes 42 therein, as shown in Figure 13, can 
alternanvely be used to divide the suspension 
layer 22 into separate suspension tmils. 

The holes 42 can have any suitable shape, 
such as square, as shown in Figure 13, ctr- 
40 cular, rectangular, hexagonal, and so on. Tlie 
holes 42 can be regular or iixegular in shape, 
dimension and order. Tbe dimensions of the 
holes should be selected according to the pur- 
pose of the display or the nature of the sus- 
45 pension, but they must be at least greater than 
the dimensions of the particles of dectro- 
phoretic matsertal in the suspension. 

The advantages of dividing the suspension 
layer into a pluraL'ty of suspension unixs are 
50 as follows: a uniform display can be pro- 
duced because the flow of the suspension is 
restricted to the interior of each space. The 
plurality of suspension units can have opdcal 
reflectance properties which differ from each 
55 other. It is possible for the plurality of sus- 
pension units to have at least two colotits. 
The plurality of suspension imits are prefer^ 
ably inserted between two electrodes, one of 
^ch has a plnrah'ty of electrode portions 
60 (El, Es, Ej, , « . ), for example, in the form 
of dots which are in contaa with the plurality^ 
of suspension layer units, respectively, and 
the other of which is transparent and covers 
the whole of the transparent housing wall 
65 4, as shown in Figm* 12b. The device as 



shown in Figure 125 can produce a colour 
image by applying a direct voltage between 
the conimoa electrode S and select ones of 
the electrode portions Ei, E,, - . . 

The best way to provide electrodes for diie 70 
plurality of suspension -units is to provide 
a first electrode consisting of a piuraHty of 
electrode strips disposed parallel to each other 
and a second elecrz^e consisting of a plurality 
of electrode strips which are disposed ortho- 75 
gooal to said first electrodes, similar to the 
arrangement shown in Figure 7, in such a 
way that each of the intersection points of 
said first electrodes and said second electrodes 
is opcrau'vely associated with one of the 80 
phirality of suspension units. Each of the 
iniersecdon points forms a picture element 
in association with a respective suspension 
unit which may be coloured red, as at 22R, 
green as at 22G, or blue, as shown at 22B 85 
in Figure 12;c. Tht application of an appro- 
priate voltage to desired picture elements will 
reproduce a coloured image on the image dis- 
play panel. 

A display panel for a colomr image can be W 
prepared by using only one kind suspcn- 
sioji capable of dianging in colour in shades 
of grey between black and white. This is 
accomplished by making the areas of the 
transparent housing wall corresponding to each ^ 
picture elenoenr in a display panel, as shown 
in Figure 7, selecdvdy coloured so that it acts 
as a colour filter for red, green or blue. How- 
ever, a display panel having at least dirce 
idnds of suspensions, i.e. red, green and blue, 100 
and produce a better colour image, especially 
with respect to bri^tness in the highlights, 
than can a panel vith mosaic colour filters 
on the transparent housing wall. 

In a character displa}' panel, as described in 105 
Figure 6, the suspeiislon corresponding to 
one of the electrode portions can consist of 
one or more suspension mits. 

The amount of electrophoretic material in 
±e suspension medimn or the thickness of HO 
the dectrophoretic suspension la>'er is sdected, 
in accordance with Ae covering power or the 
dectrophoretic properties of the dectro- 
phoretic material, the rat^c of colour change 
required in the device, the available voltage 115 
source and so on. The high value of the 
covering power of pigment partides available 
commercially is hdpful in preparing the sus- 
pension. For eicample, the values of the 
covering powers of titanitmi dioxide partides 120 
and acetylene black parddes are, respecdvely, 
about 130 cra= and 25,400 cm-, per gm in 
the conventional stispenslon liquids such as 
linseed oiL Therefore, at least 1 gm of titan- 
ium dio2:ide partid^ and at least 5 mg 125 
acetylene blad: partides respectivdy arc 
required to change the colour of a display 
panel having an area of 130 cm= from effec- 
tively Hade to effectively white. When the 
thicktiess of suspension layer is to be 1 nun, 130 
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the amoimt of particles of eadi pigment 
must be JDtroduced into 13 ml of the sus- 
pension medium. 
Since tiie display device of the present 

:> mveanon is the reflective type, the suspension 
layer must be opaxjue in order to pro- 
duce a large colour change. The thicker the 
suspension layer, the higher the applied volt- 
age which is usuaUy required. The thinner the 

10 suspension layer, the denser the concentration 
ot the electrophonetic material must be to 
" ^^S^ ^ change. The thickness 

ot^ Tfac suspension layer is usually from a f ew 
^cfons to few muL 

A ^-u ""^t^o^ ^ iiow be stifl further 
dcsmbcd m relation to specij5c examples. 

EXAMPLE 1 
A mixture of particles as described in 
lable 1 was combined with 100 ml of iso- 
^0 propyl alcohol. The mixture in the ismjropyl 
alcohol was well mixed to produce a grey 
paste having white and black particles sus- 
pended in isopropyl alcohol In this grey 
pasp^ the titanium dioxide partidcs are 
^ positively charied and the block toner par- 
ndes are negatively dm^gcd. A housing as 
shown m Figure 1 was filled with the grey 
paste so as ID form en elearophoredc sus- 
_ pension layer. The housing bad two opposite 
^ mjor housing waDs with a size of 60X60 mm. 
The two major housmg walls were provided 
with transparent eleorodes, each of whidi 
was a thin fihn of tin oxide applied to a 
ttansparcnt glass plate. This electrically con- 
35 ductive glass is called EC glass in die follow- 
ing esamplcs. A side frame was prepared 
irom 25)1 diick polyester fihn in a manner 
Similar to that described above. The thick- 



— -* — w-w.*/^„ auuv^ J.UC UllUk- 

At\ Of tte^electrophoiietic suspension layer 

^0 was tiras 25/x. This dectxbphoretic suspen- 
sion layer was almost opaque and grey when 
vjcwed through cither of die transparent elec- 
trodes under the h'gbt of an incandescent 
lamp. 

^ ^. TABLE 1 

Titanium dioxide; 
lOg (a brand R— 680 oonunerciaily avail- 
able from the Ishihara Industrial Company 
m Japan^ or rutile type having a particle 
50 size of 0.15--03;i.) ' 

Black toner particles; 
20g CType— 10 manufactured for electro- 
photography by the Rank Xerox Company 
in England), 

55 When a direct voltage of 25V was appHed 
between the two elccrrodes, tfac suspension 
layer changed in colour, becoming black at 
tte anode and white at the cathode. The 
black colour at the anode or the white colonr 

60 at the cathode xematncd stable even after 
the apphed voltage was cut off. 



The cdour on one side could be changed 
from bh^ or white respectivdy to white 
or to black by reversing the polarity of ihc 
apphed voltage. The application of ii alter- 65 
nanng voltage of 25V at 60 Hz between the 
two electrodes changed die colour fmm the 
white at the cathode or the blade at the 
anode to gr^ at botih electrodes, and it 
'^"^ J!° condition. 70 

When the applied alternating voltage had 
a frequenqr below about 20 Hz, the hrirfit- 
ness of the suspension layer was altSed 
Ebif ^/ ^ white 'through grey^ 
black and vice versa in accordana widt 75 

^phcatiwi of a direct voltage below 25V 
^ged the colour gradually and oontmuously 
from grey to white at the cathode and lo 

K^fL!'^^ ^ colour* 80 

between Ae white and the blade imained 
m a stabk condition after the vohagc is 
. swtched off at die moment when the dwired 
colour appeared on the panel 

A rapid change m the brightness of the 85 
suspension layer could be obtained hy apply, 
mg a dirttt voltage above 25V with a df^te 
pulse widdL The colour of the panel was 
sunply and easily changed so that the panel 
was useful for conveying information, 90 

_ EXAAIFLE 2 

ftfteen grams of finely divided titamum 
dioxide P^cles (as in Table 1) and fifteen 
grams of Ma^ tonor partidcs (as in Table 
1) were added to 200 ml of olive oil 95 

The mirture is well mixed m a ball mill 
to produoE a grey paste. In this grw paste, 

'^/'^^^^ ^ positively 

charged and the blade toner partidcs wS 

negativdy diarged. A housing similar to that 100 
of Example 1 was filled with the giw paste 
so as to produce a cell havmg an dectro- 
pborenc suspension layer as shown in Figure 
3. The thidaiess of the dcctrophoretic sus^ 
pension layer was 100;;. 105 

The side faces of the cell were made liquid- 
tight by an adhesive agent, for example, the 
adhesive kiown under the Trade 
Atek "Araldjtc", whUe eadi electrode was 
left parnally exposed to allow for connection 110 
01 leads. 

The application of a direct voltage of 250V 
between the dectiodes for about 1 second 
changed the colour of die suspension layer at 
eadi dectrode; a change in colour from gicy 115 
to white bemg observed at the cathode Md 
from grey to Wade at the anode. A current 
nicto wxA a recording apparatns connected 
between the voltage source and the cdl 
indicated that the average current flowing 120 

about 4Xl0-» amperes per cm* of the cell. 
This means Aat the display apparatus had 
a ladier ^decirical "^eflBdti^. By ^ 
apphcanon of a direct voltage below 250V, 325 



10 



10 



tiic hri^incss of the suspension layer can te 
altered slowly and it remains stable at the 
desired level. 

EXAMPLE 3 
5 Ten grams of Hdiogcn blue LBGT jar- 
ticks, whidi ore phtlualocyajiine blue supplied 
by tbe BASF Company in Germany, were 
added to 100 of olive oil and mixed well 
is J baU mill so as to produce a blue paste. 

10 Fiftam grams of hansa yellow G particles, 
whicfa arc an azo type organic pigment sup- 
plied by the Kanto Chemical Company in 
Japan, were added to 100 ml of dive oil 
aixl well macd in a ball mill so as to pro- 

15 ducc a yellow paste. Equal amounts of tbe 
two pastes were well mixed to produce a 
$ntn paste 
The jcrcca paste was placed between an 
plate and a conducdve glass dec- 

20 irodc so as to produce an electxopLoretlc 
rxpctmuQ layer with a thickness of 25/u 
UTicn a drrca voltage of lOOV was applied 
tL tw iui the glass electrode as an anode and 
thr aluminium plate, the colour of the sus- 

25 pcnsioo la>xr as viewed through the glass 
do^rode turned from green to yellow under 
a vhitc light. The colour of the suspension 
layer was changed to blue by reversing the 
puUrity of the appHcd voltage. 

30 Cootrol of the strength, of the length 
d time of application or of the polarity of 
the applied vohage made it possible to diange 
the colour of said suspension layer contin- 
uously from the colour of the yellow paitides 

35 through that of a mixture of the ycUow par- 
tides and the blue partidcs, to that of the 
blue partidcs and vice versa. This was because 
the Hispcnsion layer adjacent to die glass 
dccsrode iedodes a mixture of blue and 

40 yellow partidcs in various ratios. 

Such a cell is thus useful as a colour 
changeable pand capable of altering the 
colour of the suspension layer coaiinuously 
throughout the colour range of the colours 

45 blue, green and yellow. 

EXAJVIPLE 4 
Four grams of hansa ycllmv G particles 
(as in Example 3) were added to 50 ml 
of olive on and wdl mixed in a ball mill to 
50 produce a yellow paste. 

Eight grams of ultramarine partides sup- 
plied by the Daiichi Kasd Industrial Com- 
pany in Japan were added to 50 ml of olive 
oil and well mixtd in a ball mill to pro- 
55 duce a blue paste. 

Equal amounts of the pastes were well 
mixed to produce a green paste. A housing 
which employed, as opposed major housing 
walls, two flexible transparent dectrodes 
60 made from a sheet of cellulose diaccate 
(CDA) and having a transparent conducdve 
layer of cuprous iodide (Cu-I-) applied to 
each was filled with the green paste. A 



sheet irf Tctron screen (#1350 a screen 
woven of polyester' fibres supplied by the 65 
Tcijin Company in Japan) was inscncd 
between said two flexible transparent elec- 
trodes in the manner shown in Figure Sh. 

When a direct voltage of 200V is applied 
between the two flexible transparent dec- 70 
erodes, tihe anode became yellow and the 
cathode became dark blue-green. A reversal of 
the polarity of the applied vohage caused 
the colours of the two dectrodes to change 
from ydlow to blue-giecn and from blue- 75 
green to ydlow, nespectivdy. 

Hansa ydlow G partidcs are negatively 
chargedj bm: iiltraxnarine partides do not 
have any great dcccrophcffetic activity in 
olive oiL In this suspension layer, the yellow 80 
partides capable of moving dectrophorcdcally 
are thus suspended in a biue-cdoured suspen- 
sion meditmi consisting of olive oil coloured 
by ultramarine partides. 

Such a cell was useful as a flexible sheet 85 
capable of changing colotc throughout a colour 
range from ydlow through gxeen and blae- 
gieen, depending on the strengdij length of 
time of application^ and polarity of tbe appHcd 
voltage. ^ 

EXAMPLE 5 
A mixture of partides desaibed in Table 
2 was combined with 50 ml of isopropyl 
alcohol. This mixtnrc in isopropyl alcohol was 
wdl mixed by an ultrasonic vibrator to 5^5 
produce a yeUow-green suq^ension. 

TABLE 2 
Cadmium sulphide partides: 
lOg (oommerdally available from the 
Sakai Chemical Industry Company in 100 
Japan). 

Patent blue A partides: 
2g (conunerdally available from the Kanto 
Chemical Industry Company in Japan). 

A housing was filled with the suspension 105 
so as to form an dcccrophorctic suspension 
layer, as shown in Figure 1. The opposed 
major Jiousing walls of the housing were 
made of conductive glass dectrodes;. The 
side frame was made of a polyester fUra. The 110 
thickness of the electrophoretic suspension 
layer was 25/ft. 

When a direct voltage of 15V was applied 
between the electrodes, the suspension layer 
changed in cdour. It became yellow at the 115 
cathode and green at the anode. The colour 
on ihc reg>ective sides coidd be diangcd from 
ydlow or green or to green or to ycSow rcs- 
pectivdy by reversing the polarity of the 
applied voltage. 120 

EXAMPLE 6 
Thirty-five grams of a cobalt naphthenate, 
metal content 8% by weight (supplied by 
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Kanm Oieinical Company in Japan), ^m 
dissolved in lOD ml of tridil4trifluoio5^ 
to produce a red-brownish solmioa Twentv 

5 n^!^ if ^^^^'f? P8^cles (as ii 

:> Table 1) were added to the solution and well 
mired to produce a faint pink paste. In 
^ pasta, the titanium dioxide partides were 
posittvcly chained. A housing was fiUcd with 
10 l^. ^ electrophoxeuc 

The major housing walk of the housing 
WCTtr made of conducdve gjass to form ele<> 
^^^^ckness of the suspension layer 
15 I!^! :?'^^^ ^.^"^"^^ ^l*3ge of 50V was 
tppiicd between the two electrodes, the sus^ 
poBitm UyxT changed in colour, becoming 
wtuic at the cathode and brown at the anod£ 
Cor»m)l of the strength, the length of 
-ft *PP^>ca^'ojr» the polarity of die 

*rpl|cd YoJiagc changed the intensity of the 
brvwa CDiour nt one side of the panel con- 
t^^^ly. The cstabUshcd colour remained 
^JWc^cvcn after removal of the applied 

25 In the tuspcnsion as described above, tibe 
cobalt naphthcoatc fuoaioned as a colouring 
««wu lor the transparent suspension medium 
*fnw«mg of tridjlorotrifluorocthanc, as a 
30 ^^"""^r Stabilising, the posi- 

^ iTvc cturpr of die ntanium dioxide particles. 
»a<l « ft duspcfsion agent for stabiUzing the 
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ojlour at tile glass deccrodc before applica- 65 
tion of a dtrca voltage, 

«^ "^OOV was applied 
between tiie glass electrode as cathode and 
^ alummium plate as anode, the panel 
had a white colw at die glass dearode. Thfe 70 
is l^cause whrtc titanium dioxide partides 
in the paste mo'/e electrophoretically to the 

t^^^"^ dark blue 

dotii from sight at the glass dectrode. 

The colour of the panel at the dass dec- 75 
tiTDde diangcd from white to Wue upon 
reversal of the polarity of the applied v6lu 
age. 



EXAMPLE 7 
. Tfl °f dtantum dioxide partides ^as 

^ ^ , ^ ^ of olive 

oil and well mixed in a ball mill so as to 
produce a white paste. 
, A boosing was provided which was similar 

40 of ^ie°it 2a. The two 

w opposed moior housing w^ were formed 
najpcojycly of an aluminium plate and of a 
conductive glass dectrode which acted as first 
aj^«cond doorodcs, respcctivdy. The glass 
cJcctrode had an msulating layer of vinvl- 
l^^l '^''^ l^^S^ ^ of about 7/c 

X Hnth'^^ ^°^=. A thidc dark 

1 T?^ ^"^^ 2 coloured porous 

layer bawccn the first and second decbode. 

cloth which can be used is "Bembcrc" which 

it A ^"^^ '''^!' xnanufaaured at 

the Asahi Kasei m Japan. A sheet of Tetron 

55 ^If^.^^^O^^'PPii^lby tfteTe?m 

55 pany in Japan) was pliccd between Se 

alumintum pJaie and thid: dark blue dodi 
A sheet of another Tetron screen itl350 

r^ppbed by the Tdjin Company) was placed 

60 dectrode and die thidc dark bhie doth. ^ 
housing, was fijed widi the above deiriW 
^itc paste. The diidc dark blue doth a^ 

J^^"" u"^"^ ^ paste impreg- 

nated therem. The pand had a faW^bbe 



EXAMPLE 8 
An SnOs layer on a conductive glass dec- 80 
frode was TOted widi a photoresistsolution, 
^^m^T'^'^ commerdally 
• Company in U.S.A., and 

IS etched by a well known photoetdiing tech- 
mque so as to form dectrode portions as 85 
shown jn Figure 6c, For convenience, the 
^ dectrode having these segmental dec- 
trodes formed dieteon is hereinafter called a 
ton^arent decarode. A housing was pre. 
pared by using tins transparent dectrode as 00 
one dectrode and an alumim'um plate as 
anotbCT ^electrode in a way similar to that 
dcsaibed m the foregoing description. The 
mner surface of the ainminmm dectrode was 
coated with an insulating I^er of vinyl ace- 95 
late resm having a thidmcss of about SjT^ 
The honsmg was filled widi a grey parte 
m^y the same as that of aSii>k T 
which formed a suspension layer havinc a' 
^^^^of 25/c The dectiDde portions 4re 100 
connerted, dinjugh switdies, to one term^ 
£ a darect voltage soura. The glass dec^ 
trode had a grey colour before a D.C volt- 
age was applied. 

The other terminal of the direct voltaee 
source comiected to die alSt^ 3^ 
?rS?v ^PP^iation of a diiea voltage of 
.^ZJ^^^J^"" aluminium dectrodb and 
selected dectrode portions produced a desired 
numerical diaractcr on t& glass decSodc 110 
Fore.ampk.sdecjonof.deLo^^ 

c>4, b-iy Sj (references as in Fi<airB 
6) piodu^ the' selection 

•1- ^' ^°"? ^'J^ S, produced 115 
J,^T^ -^ dectrode portions were 
duosed positivdy, ihe numerical chatacttr 
wluch was produced appeared blade: the 
oppoHte charge produced a ^'te numerical 
"i-racier. j^jjj 

Wa\T WE CLAIM IS:- 
r«m„J^ '""^ ^^P^ " recording device 
K^iL.^ cl««TopJu>retic ^Spcmion 
T^^^c" ^ material which 
ohabits dearopBoresis even in the absrace 125 

medium, first and second bounding niem- 
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bers immediately adjacent the mala surfaces 
of said layer and comprising first and second 
electrode means respectively, at least one of 
the members being transparent and the first 
5 and second electrode means being arranged 
TO oroduce in said layer an electric field 
such as 10 c»\isc a said electrophoretic material 
to be deposited upon one of the bounding 
members, 

10 2. A device in eocoidancc ivith daim 1 
v^'hcrcin one at least of said electrodes means 
comprises an electrode having tbe form of a 
s>TnboI to be dispbycd. 

3. A device in accordance with claim 1 
15 wherein one at least of said electrode means 

comprises a plurality of discrete electrode 
portions arranged for selective connecrion to. 
a voltage source. 

4. A device in accordance with claim 3 
20 xiiicrein csch of said electrode means indudes 

an array of parallel strips, the strips of each 
array being disposed orthogonally id those of 
the other. 

5. A device in accordance with daim 3 
25 wherein one of said electrode means com- 
prises a plurality of elcdrodc strips arranged 
for seleciive csdtation to display a plurality 
of distina characters. 

6. A device in accordance with claim 1 
30 wherein one of said elccfitxxic means indudes 

a source of diargcd partides arranged to pro- 
ject said charged panides upon a v/all of an 
cndosuie containing said deccrophoreric layer 
whereby to vary ibe charge distribution therc- 
35 on. . . ^ 

7. A device in accordance with dann 6 
wherein said endosinc veaU is a conductor 
mosaic. 

8. A device in accordance with daim 1 
40 whcrdn one of said dectrodc means indudes 

a pen-like electrode movable over a surface 
of said layer or of o container therefor. 

9. A device in accordance v/ith any one 
of claLTis 1 to 3 wherein means are provided 

45 whereby said electrode means is movable 
rdaiive to the suspension layer so that it may 
be applied temporarily to a surface of said 
dcctrophoreac suspension la>'er. 

10. A device in accordance with any one 
50 of daims 1 to 3 or 5 to 9 wherdn one of 

said electrode means indudes a first elec- 
trode cjacnding over the whole of one surface 
of said layer. 

11. A device in accordance with cloim 
55 1 wherein each of said electrode means 

indudes first and second dcctrodcs extend- 
ing over "dje whole of a respective surface 
of said layers. 



12. A device in accordance wiA any one 

of daims 1 to 3 or 5 to 11 vrfwrein dther of 60 
said first and second dectrodc means con- 
stitnies a wall of a container for said layer. 

13. A device in accordance with any one 
of the preceding daims wherein at least one 

of first and second electrode means is covered 65 
by a layer of insulating material 

14. A device in accordance with any one 
of tbe preceding daims wherein said elcctro- 
phoreuc hyex indudes at least mo said dec- 
trophoretic substances of differing charge 70 
polarities and opdcal rcfiectanccs. 

15. A device in accordance \Tith any one 
of daims 1 to 13 tvhercin said electrophoretic 
la>"er includes at least two electrophoreiic 
substances of differing electrophoretic mobili- 75 
des and optical reflectances. 

16* A device in accordance with any one 
of the preceding daims wherein said suspen** 
sion medium, is coloured. 

17, A device in accordance with any one 80 
of daims 1 to 16 wherein a lavcr of coloured 
porous material is immersed In said suspen- 
sion medium. 

18- A device in accordance with any one 
of daims 1 to 16 wherein said layer is held 85 
in a container and in which a plurality of 
spacer means are provided to ensure a pre- 
determined minimum separation of the con- 
tainer walls, 

19. A device in accordance wiih any one 90 
of the preccdipg daims wherein said suspen- 
sion layer further indudes a binder for said 
electrophoredc partides, said binder being 

at least sh'ghtly soluble in said suspension 
medium. ^ 

20. A device in accordance with any one 
of daims 1 to 18 wherein said suspension 
medium is a hardenable material. 

21. A device in accordance with daim 20 
wherein said suspension medium is heat 100 
hardenable. 

22. A device in accordance widi claim 20 
wherein said suspension medium is heat softcn- 
able. 

23. A device as claimed in daim 20 where- 105 
in said suspension medium is sof tenable by 

the addition of a solvent, 

24. A device in accordance with any one 
of the preceding daims together with means 

for varying at least one of the intensity^ the 110 
time of appUcaaon or tbe polarity of the 
electric fidd produced in said layer. 

25. A device in accordance with daim 
6 or daim 7 wherein an endosure contain- 
ing said layer forms one wall of the envelope 115 



of a cathode ray tube compriang said source ' 
of charged particles. 

26. An image disphy device substantially 
as described with reference to any of the 
several Figures of the accompanying draw- 
ings. 
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